Abstract. Energy-flow distributions for charged hadrons from interactions of photons, pions and kaons on hydrogen are presented as functions of ZpZr in the event plane. Data cover the range 0.0<Zp2i, < 10.0(GeV/c) 2 and 0.0 < xr < 1.0 for beam momenta from 65 to 170 GeV/c. The comparisons between photon-and hadron-induced data show an excess of events with larger z~p2in for the photon-induced data. Using the hadron-induced data to parameterise the hadronic behaviour of the photon, the differences between cross sections are used to measure the contribution of the point-like photon interactions. Quantitative calculations of the point-like photon interactions using the Lund Monte-Carlo program LUCIFER, based on QCD, are in agreement with the data.
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Introduction
Hadronic interactions of the photon arise through a component described by the vector meson dominance (VMD) model, and a component from direct coupling with a parton in the target. The hard nature of the direct component means that it is significant only if the events contain large transverse momenta. At sufficiently large transverse momenta the two components give rise to different topologies; in the case of VMD type processes, the expectation is for the usual 4-jet structure, as opposed to the unique 3-jet structure expected from the direct point-like processes [1]. Higher-twist processes are also expected to be present in small numbers, giving events with similar topologies to the point-like processes. At the energy of this experiment (1/~ of 11 to 18 GeV) the jets are expected to appear as rather broad overlapping clusters of particles.
The analysis presented here determines the energy-flows in high-pr events and complements previous work on single-particle inclusive cross sections I-2, 3]. Photon-and hadron-induced data were taken with the OMEGA Spectrometer at CERN. The hadronlike component of the photon was parameterised (as-suming the VMD model) by the hadron-induced data taken in the same apparatus. This component could then be subtracted from the photon-induced data, allowing features due to the direct coupling to be seen with minimal biases due to the acceptance of the apparatus.
The experimental data sample and its reduction are discussed in Sect. 2, the topological analysis of the events in Sect. 3 and the normalisation and pr-dependence in Sect. 4. The energy-flow results are presented in Sect. 5 and compared with a Monte-Carlo simulation in Sect. 6. There is a brief summary in Sect. 7.
The data and its reduction
The data reported in this paper were taken by the WA69 collaboration using the CERN SPS and the OMEGA spectrometer. The total number of photoninduced triggers was ~ 1.5 10 7 over the momentum range 65 <pr < 170 GeV/c. Data were also taken with both pion and kaon beams, of both polarities. The kaon beam was used as a source of valence s and g quarks in order to be able to approximate the strange-quark component of the photon. A total of ,,~ 2 107 hadron-induced triggers was divided between both charges and beam momenta of 80 and 140 GeV/ c. The data were taken with a liquid hydrogen target and an open trigger was used to give a largely unbiased sample of events. In this analysis the photoninduced data from 65 to 95GeV/c and 110 to 170 GeV/c were compared with the 80 GeV/c and 140 GeV/c hadron-induced data respectively. The initial data samples were the same as those used in a recent study of inclusive single charged particles I-3] and experimental details have been reported in that paper.
The OMEGA measurements were analysed with a modified version of the program TRIDENT 1-4] to find and fit tracks and determine the event vertices. All events were discarded which did not belong to the main trigger. Events were only accepted if the reconstructed interaction vertex was inside the hydrogen target and had a minimum of three tracks associated with it. Residual electromagnetic interactions were removed by eliminating events where all tracks were within a dip of +2.5 mrad relative to a plane orthogonal to the OMEGA magnetic field direction.
In the present analysis it was important that only genuine and well-measured individual tracks were included. Contamination of events with badly measured tracks was found to be negligible except for events containing individual tracks with pr>2.0GeV/c where errors in determining the track parameters and pattern recognition failures caused some contamination. This is exactly the same situation found in recent studies on single inclusive high-pT charged particles [3] and hence similar cuts have been used for these high-pT tracks. The effects of the cuts have been studied using the Lund Monte-Carlo program LUCIFER [5] (see Sect. 6) to generate the basic event and JET-SET 6.2 [6] to handle the string fragmentation. These events were used as input to a full detector simulation and the standard analysis chain. The acceptance for individual tracks (discussed in Sect. 6) was found to be uniform at 0.85. The quality of the final selection is demonstrated in later sections.
Analysis of the event plane
At the energies of this experiment it is expected that soft physics will lead to a forward peak in the particle distributions. QCD Compton and QCD BetheHeitler (see Fig. 1 ) processes should lead to two broad clusters in the forward direction. It is not expected that the clusters will be well separated on an event-byevent basis. Hence energy-flows in the event plane were used to isolate topological features on a statistical basis [7, 8] .
The transverse momentum, PT, of each particle can be considered in terms of two components, PTout and PTin, normal and parallel to a particular plane.
This plane is the best estimate of the event plane if it is oriented so that the sum of the squares of the momentum components of the produced particles transverse to the plane, 2 SPTout, is minimized. It then follows that Zp2in is maximized. If two clusters are present in the forward hemisphere then Xp~,in is expected to develop a tail at higher values. On the other hand Sp2out should not be sensitive to the presence of two clusters and should reflect only the intrinsic PT properties of the partons.
The acceptance of the apparatus for n~ was lower than that for charged particles and was more susceptible to biases. Clearly the event plane found when neutral particles were omitted was in general different from that when they were included. The change in the orientation of the event plane when all detected neutral particles were included has been studied by using LUCIFER events and was found to be typically only + 2.5~ this was of the same order a. b. 
